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DEVICE AND METHOD FOR 
COUPLING LINES TO FLUIDIC MICROSYSTEMS 

The invention relates to devices for coupling liquid lines 
5 to fluidic microsystems, particularly a coupling device for 
liquid-tight coupling of at least one liquid line to a 
fluidic system, fluidic systems which are equipped with 
devices of this type, and methods for coupling lines to 
fluidic microsystems . 

10 

In biotechnology, analytics, medical research, diagnostics, 
and for pharmaceutical screening technologies, fluidic 
systems are used for handling suspended biological or 
synthetic samples. Miniaturized fluidic systems (micro- 

15 fluidic systems, fluidic microsystems), having typical 
dimensions of fluidic channels or compartments in the sub- 
millimeter range, are of special interest. Fluidic 
microsystems are particularly suitable for sample-specific 
single cell treatment or measurement and are equipped with 

20 microelectrode devices for this purpose if necessary. 
Typically, a fluidic microsystem is manufactured as a 
compact component (chip) . The following technologies are 
known for charging the microsystems with the particular 
samples (e.g., biological cells, cell components, synthetic 

25 particles, and/or liquid media) . 

Firstly, receiving samples in pipette tips and applying 
them via tubing which is attached to the microsystem is 
known. Furthermore, continuously supplying microsystems 

30 with a transport or envelope stream into which the samples 
are introduced using pumps (e.g., syringe pumps, 
peristaltic pumps, piezoelectric pumps, and the like) is 
known. To attach tubing, providing permanent adhesive 
bonds, using plug-in adapters which are attached to the 

35 microsystem (see Reichle et al. ^^BBA", Vol. 1459, 2000, pp. 
218-229) , or producing an attachment using screw bushings 
are known. 
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Permanent attachment of tubing to microsystems is 
disadvantageous, since for most applications flexible 
adaptation of the microsystem to the sample supply and 
separate handling of the tubing and the microsystem, e.g., 
for cleaning purposes, is desired. The plug-in or screw 
connections, in contrast, have disadvantages for producing 
flow, since an undesired dead volume is formed at the 
location of a plug-in or screw adapter, at which the flow 
cross-section also changes in comparison to the attached 
tube. 

The formation of a dead volume causes multiple problems. 
Firstly, quantitative sample introduction or quantitative 
sample removal is made more difficult or prevented at low 
cell counts and/or small sample volumes (e.g. < 10 < 
1000 cells />il) • The applications of conventional tube 
couplings are restricted to microsystems in which volumes 
in the higher ]il to ml range may be accommodated as 
reservoir volumes and the flow speeds and volume flows are 
in the range > 100 ul/hour and the speeds are in the range 
>500 Vim/second and the retrieval rate of the sample assayed 
is not of overwhelming interest. However, this represents a 
significant restriction of the field of use of conventional 
microsystems. Furthermore, every dead volume is connected 
with extended pumping times. A tube having an internal 
diameter of approximately 250 im has a volume of 
approximately 2 ^1 for 1 cm of tube length. At a desired 
flow speed of approximately 10 pl/hour, a dwell time of 
approximately 10 minutes results. With an equal dead 
volume, an undesired extension of the pumping time 
accordingly results. If multiple microsystems are coupled 
as required by an application, unacceptable process delays 
result . 

It is especially critical that air bubbles may form or may 
adhere at substrate transitions and dead volumes. 
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Particularly in the event of discontinuous operation ("stop 
and go"), these lead to non-reproducible pressure changes 
and thus to disadvantageous movement variations of the 
particles or cells in the microsystem. 

5 

The dead volume is usually also connected to a change of 
the flow cross-section, e.g., an expansion at a connection 
adapter. In the event of an expansion or accordingly after 
a narrowing, the flow speed is reduced. Samples or sample 
10 components may settle (sedimentation) . For example, 
undesired loss of cells or a delay may occur until the 
cells are flushed further. Dead volumes therefore also 
generate a danger due to accumulation of impurities, 
through which susceptibility to microbes may arise. 

15 

A coupling device for microfluidic applications is known 
from WO 99/63260. A hollow body is fixed on a fluidic chip, 
in whose end pointing toward the fluidic chip an 0-ring 
seal is integrated via an opening in the fluidic chip. For 

20 coupling, a liquid line having a profiled external wall is 
plugged into the hollow body having the 0-ring seal. The 
free end of the liquid line is pushed toward the opening 
until the profiled external wall of the liquid line is 
seated in the 0-ring seal. In this state, the 0-ring seal 

25 is radially compressed in the hollow body, a liquid-tight 
connection being formed between the liquid line and the 
fluidic chip. 

The coupling device according to WO 99/632 60 has multiple 
30 disadvantages. Firstly, the coupling device is only usable 
with liquid lines having a profiled line end. The line end 
must be processed before use if necessary (e.g., by 
removing material or a heat treatment) . A further 
disadvantage arises if, by plugging the end of the liquid 
35 line into the fluidic chip, a step arises in the particular 
opening of the fluidic chip because of the thickness of the 
wall material of the liquid line, through which the dead 
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voliame having the disadvantages described above is formed. 
Furthermore, it is problematic that the conventional 
technology is designed for relatively high operating 
pressures (e.g., 70 bar), which are impractical, however, 
5 in fluidic microsystem technology, in which fragile glass 
chips are used, for example. 

An essential disadvantage is that according to WO 99/63260, 
a good seal is achieved between the liquid line and the 

10 radially clamped 0-ring. However, there is only a 
relatively narrow contact surface between the 0-ring and 
the fluidic chip, whose sealing function is fulfilled 
unreliably because of its small dimensions. In addition, 
the surface of the fluidic chip is loaded unevenly. High 

15 requirements are set on the stability of the fluidic chip. 
If correspondingly thicker wall materials are used, 
disadvantages result for the applicability of optical 
measurement methods to the fluidic chip. 
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The problems cited relate not only to the coupling of 
tubing, but rather also generally to other connections 
between liquid lines (e.g., capillaries) and fluidic 
microsystems . 



Particularly if microsystems having small intrinsic volumes 
are used and/or for problems in cellular biology or 
medicine, the following requirements may arise. Small cell 
counts in the range from 1 to 500 cells are to be flushed 
through the microsystem with a retrieval rate > 70% and are 
30 to be analyzed and manipulated therein according to 
different criteria (e.g., size, dielectric properties, 
optical properties, fluorescence properties) . In this case, 
typical pumping speeds in the range from 100 to 500 
tun/seconds or pump rates in the range from 2-20 pl/hour are 
35 to be implemented. Furthermore, it is desirable for 
specific applications to retrieve the cells quantitatively, 
possibly down to individual cells. For this purpose. 
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applications exist for isolating clones originating from 
individual cells and for sample preparation for single cell 
technologies, such as single cell PGR, single cell CE, or 
the like, for example. 

5 

The object of the present invention is to provide improved 
devices for coupling liquid lines to fluidic microsystems, 
using which the disadvantages of conventional coupling 
technologies are overcome. The devices are particularly to 

10 be distinguished by an expanded field of application, high 
flexibility, and improved flow-technology properties, such 
as minimal dead volume and avoidance of steps in the flow 
cross-section. The object of the present invention is also 
to provide improved methods for coupling liquid lines to 

15 fluidic microsystems, particularly using devices of this 
type. 

These objects are achieved by coupling devices, fluidic 
systems, and methods according to Claims 1, 14, or 18. 
20 Advantageous embodiments and applications result from the 
dependent claims . 

A basic idea of the present invention is to provide a 
coupling device for liquid-tight coupling of at least one 
liquid line to a fluidic system, particularly to a fluidic 
microsystems, which includes at least one sealing device, 
at which the liquid line ends and which has at least one 
bushing having a first planar sealing surface for resting 
on an outer surface of the fluidic system, through which 
the end of the liquid line points toward an opening in the 
outer surface, and at least one clamping device, using 
which the sealing device may be pressed against the fluidic 
system, so that the first sealing surface forms a liquid- 
tight connection with the outer surface of the fluidic 
system. Providing a sealing device having a sealing surface 
which radially encloses the end of the liquid line has the 
advantage that the liquid line may be couliled directly to 
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the f luidic system without a dead volume. The liquid line 
opens directly into the microsystem without an intermediate 
adapter. The clamping device provides a detachable 
connection between the liquid line and the f luidic system 

5 which is advantageously suitable for sealing even at 
increased pressures, and thus allows high flow speeds even 
with small flow cross-sections, without the f luidic system 
being influenced by the mechanical contact pressure. The 
coupling device according to the present invention is 

10 distinguished by simplified handling. The liquid line 
equipped with the sealing device may be used for coupling 
to a fluidic system on its outer surface, the end of the 
liquid line being positioned over a selected opening in the 
outer surface and being fixed by simple actuation of the 

15 clamping device. 

According to the present invention, the clamping device has 
at least one hollow plunger which is movable in relation to 
the outer surface of the fluidic system, so that through 

20 the movement toward the fluidic system, a force directed 
toward the outer surface of the fluidic system may be 
exerted on the at least one bushing of the sealing device. 
The at least one bushing of the sealing device has an 
external shape which is formed so that the desired force is 

25 exerted on the sealing surface under the effect of the 
hollow plunger. 

According to a preferred embodiment of the present 
invention, the clamping device includes at least one hollow 

30 plunger which has at least one receptacle for at least one 
part of the bushing of the sealing device and possibly a 
front face, using which the sealing device may be pressed 
against the fluidic system. The use of a hollow plunger has 
the special advantage that the contact pressure for fixing 

35 the sealing device on the external surface of the fluidic 
system is distributed uniformly and may be selected as so 
low in relation to the sealing area that the fluidic system 
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is not deformed or possibly destroyed. Furthermore, 
multiple liquid lines, which may be connected to one or 
more sealing devices, may advantageously be fixed, using 
multiple bushings, simultaneously and in a space- saving way 
5 using the particular associated hollow plungers. 

The sealing device may be produced integrally with the end 
of the liquid line or permanently connected thereto (e.g., 
glued) . According to preferred embodiments of the present 
10 invention, however, the liquid line and the sealing device 
form separate components which are detachable from one 
another and which may be reversibly connected to one 
another. For this purpose, the bushing of the sealing 
device has an internal hollow channel which is implemented 
15 to detachably receive an end region of the liquid line and 
forms a second sealing surface, the sealing device being 
able to be pressed on the end region of the liquid line 
using the clamping device, so that the second sealing 
surface forms a liquid-tight connection with the surface of 
20 the end region of the liquid line. In this design, the 
sealing device advantageously fulfills a double function. 
The end of the sealing line is sealed laterally (or 
radially) in relation to the outer surface of the fluidic 
system and corresponding to the alignment of the liquid 
25 line (or axially) along the surface of the liquid line. The 
additional advantage of expanded flexibility of the 
coupling device results with the detachable sealing device. 
The bushing may be plugged onto a tube end without problems 
and fixed on a fluidic system using the clamping device, 
30 particularly the hollow plunger. The length of the liquid 
line may be optimally tailored beforehand to the geometric 
conditions in the concrete application. Tube lengths may be 
reduced and pump times may thus be shortened. 

35 According to a further preferred embodiment of the present 
invention, the hollow plunger of the clamping device forms 
a conical or cylindrical receptacle for the bushing of the 
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sealing device, whose maximum internal diameter is smaller 
than the external diameter of the sealing device. A 
cylindrical receptacle has the advantage of uniform contact 
pressure of the sealing device on the end of the liquid 
5 line. Using the conical receptacle, the first and second 
sealing surfaces are advantageously sealed simultaneously 
when the clamping device is actuated. 

According to a further preferred embodiment of the present 
10 invention, the at least one sealing device is equipped with 
multiple bushings, using which multiple liquid lines may be 
coupled to the fluidic system. The bushings may be 
connected to one another in one or more sealing units in 
rows or in a matrix. An advantage of this embodiment is 
15 simultaneous and parallel coupling of multiple liquid lines 
to the fluidic system. 

It is advantageous, both in regard to the alignment of the 
liquid line in relation to the opening in the external 

20 surface of the microsystem and to coupling free of a dead 
volume, if the internal diameter of the liquid line is 
smaller than the diameter of the opening in the external 
surface of the fluidic system. The flow cross-section does 
expand in the region of the opening at the coupling, but 

25 cell losses due to settling, for example, may be prevented 
at this expansion through the design of the microsystem, 
e.g., through microelectrodes in proximity to the opening. 

If the first sealing surface is larger than the cross- 
30 sectional area of the end of the liquid line, advantages 
may result for the seal even at low contact pressure of the 
clamping device . 

A further subject of the present invention is a fluidic 
35 system which is equipped with at least one coupling device 
)rding to the present invention. The fluidic system has 
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a chip body to which at least one liquid line is connected 
using the coupling device. 

According to a preferred embodiment of the present 
5 invention, the chip body has an external surface which is 
planar in at least some sections, in which at least one 
opening is formed, the line end of the. liquid line 
preferably being seated on the planar external surface. The 
dead volume of the coupling may thus advantageously be 
10 minimized. Since the line end of the liquid line preferably 
has the external shape of a circular cylinder, non-profiled 
tubes or capillaries may advantageously be used as liquid 
lines without additional processing steps. No special 
precision requirements must be placed on the external 
15 diameter of liquid lines. 

Special advantages result if the fluidic system according 
to the present invention includes a fluidic microsystem. 
The requirements of fluidic microsystems in regard to 
20 careful mechanical handling and the possibility of 
measurements in the microsystem even in proximity to the 
coupled lines are optimally fulfilled by the combination 
with the coupling device according to the present 
invention . 
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A method for liquid-tight coupling of at least one liquid 
line to a fluidic system, particularly using a coupling 
device according to the present invention, is also a 
subject of the present invention. The method is 
distinguished by a sequence of steps in which at least one 
liquid line is coupled to the fluidic system using a 
sealing device and the clamping device, so that the end of 
the liquid line is aligned with an opening in the external 
surface of the fluidic system, a contact pressure being 
implemented at the clamping device in such a way that the 
sealing device forms the liquid-tight connection with the 
external surface of the fluidic system. The method 
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according to the present invention has the advantage of 
simple and universal application for different types of 
liquid lines of interest in practice. Liquids, e.g., 
particle suspensions, are introduced into the microfluidic 
system without a dead volume, i.e., directly from the 
liquid line (hollow body) . 

The present invention has the following further advantages. 
The coupling device according to the present invention is 
easily employable by the user. Due to the planar design of 
the first sealing surface, a large contact area to the 
external surface of the fluidic system results, through 
which an optimum seal is achieved. This is correspondingly 
true for the part of the sealing device projecting into the 
clamping device, which ensures a large contact surface to 
the end region of the liquid line. The coupling device is 
distinguished by uniform pressure distribution and 
therefore a low mechanical load of the fluidic system, 
particularly a fluidic microsystem. The integrity is 
ensured even at increased internal pressures. A reliable 
seal is produced even at internal pressures of up to, for 
example, 0.1 MPa. Notwithstanding the sealing forces 
necessary for this purpose, the coupling device is 
detachable reversibly, easily (i.e., without a tool), and 
in a user-friendly way. The entire coupling device, parts 
thereof, or a composite of the coupling device and the 
lines may be manufactured as a disposable article or 
sterilized through a suitable method. 

Further advantages and details of the present invention are 
described below with reference to the attached drawing. 

Figure 1 shows a schematic sectional view of a sealing 
device according to a preferred embodiment of the 
coupling device according to the present 
invention. 
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Figure 2 shows a schematic illustration of the interaction 
of the sealing and clamping devices of the 
coupling device according to the present 
invention. 

Figure 3 shows a perspective view of an embodiment of the 
coupling device according to the present 
invention which is designed for coupling multiple 
liquid lines. 

Figure 4 shows a sealing unit of the coupling device 
according to Figure 3, 

Figure 5 shows two views of a clamping device of the 
coupling device according to Figure 3, 

Figure 6 shows an altered embodiment of the coupling 
device according to Figure 3, 

Figure 7 shows a further altered embodiment of the 
coupling device according to Figure 3, 

Figure 8 shows an illustration of the parts of the 
coupling device according to Figure 1, and 

Figure 9 shows a graph of test results which were obtained 
using a coupling device according to the present 
invention. 



The coupling device according to the present invention is 
described in the following for exemplary purposes with 
reference to embodiments which are set up for coupling 
flexible liquid lines (tubes) to a fluidic microsystem. The 
present invention is not restricted to the designs 
illustrated, but rather may also be implemented using 
altered liquid lines and fluidic systems. In general, a 
liquid line is a hollow body in which a liquid sample is 
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positioned and which is set up to introduce the sample into 
the fluidic system. The liquid line may particularly be a 
tube, a capillary, a part of a syringe, or a connection to 
a reservoir of a microtitration plate or to a liquid 
conveyor device. 

Figure 1 partially illustrates a first embodiment of the 
coupling device 100, which is set up for coupling a liquid 
line 10 to the microsystem 20 using a sealing device 30. 
Figure 1 is a schematic illustration, the details and size 
ratios able to be varied in practice. The clamping device 
40, which is part of the coupling device according to the 
present invention, has its function only shown in Figure 2 
for reasons of clarity. The liquid line 10 is, for example, 
15 a tube made of plastic, e.g., PTFE, PEEK, polypropylene, 
polyethylene, PVC, silicone, or a capillary made of glass, 
metal, or a metal alloy. The material is selected as a 
function of the application and is preferably inert in 
relation to the samples to be treated (cell compatible), 
20 sterilizable, and not very cell adhesive. The internal 
diameter of the liquid line 10 is, for example, 
approximately 250 vm. For cell biology applications, the 
internal diameter is preferably in the range from 120 to 
200 vm or larger. The external diameter of the liquid line 
25 10 is, for example, 1.6 mm. 

The microsystem 20, which is only partially shown 
schematically in Figures 1 and 2, is formed by a channel or 
compartment structure in a solid body (chip) . The channels 

30 21 of the microsystem have dimensions which are typically 
in the range from 5 to 1000 pm (width), 5 to 1000 m 
(height), and 1 to 100 mm (length). Biological or synthetic 
samples, e.g., cells, cell components, macromolecules, 
plastic particles, or the like are analyzed, manipulated, 

35 separated, and/or microscopically evaluated in the 
microsystem (see Miiller et al. in "Biosensors & 
Bioelectronics, Vol. 14, 1999, pp. 247-256). For cell 
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biology applications, the dimensions of the channel 21 are, 
for example: 40 ym channel height, 200 to 800 ym channel 
width, 20 mm channel length. The microsystem 20 is, 
depending on its task, equipped in a way known per se with 
measurement and/or manipulation devices, particularly with 
a microelectrode device (not shown) for dielectrophoretic 
manipulation and/or measurement of particles. The 
microsystem is made, for example, of a semiconductor 
material (e.g. silicon), plastic, or glass, or a mixed 
composite of at least two of these materials. 

The chip body of the microsystem 20 has an external surface 
22 which is flat in at least some sections. Openings 23 are 
provided in the flat external surface 2 2 for connection to 
other microsystems or supply or discharge devices, through 
which the structure of the channels 21 or compartments may 
be accessed. The number and arrangement of openings 23 is 
selected as a function of the task while designing the 
microsystem. For example, in Figure 1, a single opening 23 
is shown which has a diameter of 500 m> for example, and 
which is used for coupling a suspension sample from the 
liquid line 10 into the channel 21. In general, the opening 
forms an inlet or outlet in the wall of the fluidic system. 
In the surroundings of the opening or hole 23, the external 
surface 22 has a flat, smooth surface. The smooth surface 
is provided per se in most chip materials. 

The sealing device 30 includes a conical bushing 32, on 
whose broader front face (bottom in Figure 1) the first 
sealing surface 31 is formed. In the example shown, the 
bushing 32 has a lower projection 33. The first sealing 
surface 31 is enlarged by the projection 33 and an 
engagement surface for the clamping device 40 (see Figure 
2) is additionally provided. The projection 33 is, however, 
not a necessary feature of the present invention. The 
sealing function may also be formed by a simple conical 
bushing 32 or, with a suitable internal shape of the 
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Clamping device 40, by a bushing in the form of a straight 
cylinder. In general, the external shape of the bushing 32 
and the internal shape of the clamping device 40 are 
produced so that a force may be exerted at least toward the 
external surface of the microsystem. The first sealing 
surface 31 has a dimension of at least 10 mm^ preferably 
20 mm^. 

The sealing device 30 is made of an elastic plastic 
material, such as silicone material, rubber, or another 
elastic plastic, which is preferably sterilizable, does not 
swell, and is biologically harmless. The material is 
preferably so soft that a seal is made possible in 
interaction with the clamping device, without deforming or 
destroying the chip body. It has a hardness in the range 
30-50 Shore A, for example. 

Preferably, materials are used which have a higher 
resistance to temperature, solvents (e.g., organic solvent 
such as ethanol) , and non-ionic, anionic, and cationic 
surfactants, and/or which allow sterilization of the device 
through autoclaving (e.g., 20 minutes at 121°C in 
pressurized water steam at 2 bar) . 

On the inside, the bushing 32 has a hollow channel 34, 
which is designed for removably receiving the end region 11 
of the liquid line 10. The hollow channel 34 forms a second 
sealing surface 35, which represents a contact surface of 
the sealing device 30 with the end region 11. The conical 
second sealing surface 35 has a dimension of at least 10 
mm^ preferably 20 mm^ The internal diameter of the hollow 
channel 34 is preferably selected so that it is at most as 
large as the external diameter of the end region 11, but is 
preferably slightly smaller. 

To implement the liquid-tight coupling, the sealing device 
30 is pressed onto the tubing 10 and to the microsystem 20 
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using the clamping device 40, as is schematically 
illustrated in Figure 2. The clamping device 40 includes a 
hollow plunger 41, which may be pressed against the 
microsystem 20 using a schematically shown clamping 
5 mechanism 42. The bottom of the hollow plunger 41 is at a 
distance to the external surface 22. When the clamping 
mechanism 42 is actuated (a bayonet connection, for 
example, see Figure 7) the distance of the hollow plunger 
41 from the external surface 22 is reduced. The exertion of 
10 force connected therewith occurs perpendicularly to the 
external surface 22, as indicated by the arrows. The hollow 
plunger 41 forms a conical receptacle 43, whose internal 
shape is adapted to the external shape of the bushing 32. 
The contact surface between the internal and external 
15 shapes has a dimension of at least 10 mm^, preferably 33 
rnm^ When the hollow plunger 41 is pressed against the 
microsystem 20, the sealing material is compressed and the 
first and second sealing surfaces 31, 35 become liquid- 
tight. This state is illustrated in Figure 2. 

20 

Figures 1 and 2 show, as a special advantage of the 
coupling device according to the present invention, that 
the end 12 of the liquid line 10 directly adjoins the 
opening 23 of the channel 21. Samples are transferred from 
25 the liquid line 10 into the channel 21 without a dead 
volume. The liquid line 10 discharges directly into the 
channel 21 without interposing adapters or the like. 

The coupling according to the present invention using the 
30 coupling device 100 is performed according to one of the 
following procedures, depending on the application and 
construction of the clamping device 40. Firstly, it is 
possible to first insert the end region 11 of the liquid 
line 10 into the bushing 32 of the sealing device 30 and 
35 then push the sealing device 30 into the receptacle 43 of 
the clamping device 40. Subsequently, the clamping device 
40 is positioned over the opening 23 with the sealing 
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device and fixed on the microsystem 20. Alternatively, it 
is possible to first position the sealing device 30 with 
the liquid line 10 inserted over the opening 23 and then 
attach and tighten the clamping device 40 in order to 
produce the liquid-tight connection. Finally, the coupling 
device according to the present invention alternatively 
allows first only placing the sealing device 30 over the 
opening 23 with the clamping device 40, without pressing 
the clamping device 4 0 onto the microsystem 20, however. In 
this state, the end region 11 of the liquid line 10 may be 
pushed into the bushing 32 and the clamping device 40 may 
subsequently be tightened. This method is particularly 
advantageous if sealing units which are described below 
with reference to Figures 3 through 6 are used. 

An altered embodiment of the coupling device 100 according 
to the present invention is shown disassembled in 
perspective in Figure 3. In this design, multiple liquid 
lines 10 are coupled to a fluidic microsystem 22, two 
separate sealing units 36 being provided as sealing devices 
30 and a fluidic block 45 being provided as the clamping 
device 40. One or more externally induced liquid flows are 
conducted into and/or out of the microfluidic system 
independently of one another using the liquid lines or 
hollow bodies 10. 

The microsystem 20 includes the chip body 24, on which a 
holding plate 25 is placed. The chip body 24 contains the 
channel or compartment structure having a microelectrode 
device, from which electrical contacts 26 are guided to the 
edge of the chip body 24. The chip body 24 is made, for 
example, of a glass composite having multiple fluidic 
openings, each of which corresponds to the opening 23 in 
Figure 1. For example, eight fluidic openings having a 
diameter of 500 pm each are provided. The holding plate 25 
is provided on the top of the chip body 24 and has two 
recesses 27 each of which for receiving a sealing unit 36 
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and an observation window 28, through which the glass chip 
body 24 is exposed. It is a special advantage of the 
present invention that the coupling device has a 
sufficiently low overall height in the z direction (i.e., 
perpendicular to the upper external surface of the chip 
body 24) that the inside of the microsystem 2 0 may be 
imaged by an optical microscope. The adjustment of the 
optical components of the microscope is not obstructed by 
parts of the coupling device. 

Each sealing unit 36 which is shown enlarged in Figure 4 
includes four conical bushings 32, each of which is 
constructed analogously to the sealing device 30 shown in 
Figure 1 and via which the continuous projections 33 are 
connected to one another in series. The continuous 
projections 33 form a sealing mat. The intervals of the 
sealing bushings 32 projecting out of the sealing mat into 
the sealing unit 36 precisely correspond to the intervals 
of the fluidic openings in the chip body 26. The sealing 
mat has the special advantage that the contact pressures 
generated by the clamping device are transmitted uniformly 
onto the external surface of the chip body 24. 

The fluidic block 45, which is shown in greater detail on 
two sides in Figure 5, fulfills the function of the 
clamping device 40. It includes a carrier plate 46, on 
whose side facing toward the microsystem 20 two rows of 
hollow plungers 47 are provided, which simultaneously form 
tube guides and receptacles for the sealing units 36. The 
fluidic block 45 is preferably made of metal, metal alloys, 
plastics, such as Teflon, PEEK, Kel-F, or ceramic. 

The sealing units 3 6 are inserted into the hollow plunger 
rows 47 to couple the liquid lines 10 to the microsystem 
20. This may be performed manually by exerting a slight 
pressure. The fluidic block 45 is subsequently placed on 
the microsystem 20. The bottoms of the sealing units 36 are 
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received by the recesses 27 in the holding plate 25. The 
fluidic block 45 and the microsystem 20 are connected to 
one another by a mechanical structure (e.g., bayonet 
connection, see Figure 7). Subsequently, the liquid lines 
10 are inserted into the hollow channels of the sealing 
devices and the fluidic block 45 is pressed against the 
microsystem. The liquid-tight composite is advantageously 
produced simultaneously for all liquid lines. If one or 
more fluidic openings are not to be coupled to a line, 
massive filler bodies, e.g., in the form of rods, are 
inserted into the corresponding sealing devices. 

An altered construction of the coupling device according to 
Figure 3 is illustrated in Figure 6. In addition to the 
microsystem 20 having the chip body 24 and the holding 
plate 25, a chip carrier (pillar) 48 is shown, which 
interacts with the fluidic block 45. The reference number 
29 refers to a circuit board adapter which interacts with 
the electrical contacts 26 of the chip body for electrical 
activation of the microsystem. 

The construction shown in Figure 6 is assembled as follows. 
The chip body 24 is connected to the holding plate 25 
(e.g., glued). The holding plate 25 is used to increase the 
strength of the chip body and for cooling (heat sink) . The 
holding plate 25 is screwed onto the chip carrier 48. It 
has two parallel oblong holes corresponding to the above- 
mentioned recesses 27, between which the observation window 
28 is located. Guide pins 4 9 for aligning the fluidic block 
on the chip carrier 48 are located on the top of the chip 
carrier 48 and the bottom of the fluidic block 45. The 
sealing units 36 positioned between chip carrier 48 and 
chip body 24 fulfill two tasks, specifically receiving the 
liquid lines 10 and sealing the end sections of the liquid 
lines . 
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The microsystem 20 is set up for the purpose of analyzing, 
separating, and/or isolating molecules or particles in 
liquids. For example, microobjects, such as cells and 
artificial particles, typically in the order of magnitude 
of 2 lam to 100 \m, are to be analyzed, manipulated, pored, 
separated, and/or microscopically evaluated. The 
microsystem 20 forms a sorter, for example. For this 
purpose, the chip body contains at least one channel having 
a sorting device, as is known per se in fluidic 
microsystems. It is based, for example, on the dielectric 
separation of particles having different properties 
measured in the microsystem. A suspension having a particle 
mixture is introduced into the channel via a liquid line. 
For coupling, the sample is introduced accelerated by an 
envelope stream which has a flow speed of up to 2000 
pl/seconds, for example. After the sorting, two partial 
streams are guided out of the microsystem, each of which is 
again accelerated using an envelope stream for accelerated 
coupling. 



A bayonet connection 42, through which the fluidic block 45 
and the holding plate 25 are connected to one another, is 
shown in Figures 7 and 8 with reference to a further 
embodiment of the present invention. The bayonet connection 
25 42 advantageously forms a coupling and the clamping 
mechanism schematically shown in Figure 2 simultaneously, 
using which the distance between the cited components may 
be reduced and the contact pressure may thus be exerted. 

30 The bayonet connection 42 includes a bayonet ring 42.1 
having two anchoring ramps 42.2 and a slot 42.3. The slot 
42.3 advantageously allows the bayonet ring 42.1 to be put 
on when the tubing 10 is already inserted into the sealing 
units 36 by an external auxiliary device (not shown, for 

35 example, a sample reservoir or pump) . In this case, the 
tubing 10 is threaded through the slot 42.3 into the 
bayonet ring 42.1. The anchoring ramps 42.2 work together 
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with two anchor pins 25.1 which project from the holding 
plate 25. 

The fluidic block 45 is pressed against the fluidic chip 24 
5 by the holding plate 25 when the bayonet connection 4 2 is 
locked. A flat spring (not shown) is advantageously 
provided between the bayonet ring 42.1 and the holding 
plate 25 for this purpose. Alternatively, the movement of 
the bayonet ring 42.1 toward the holding plate 25 may be 
10 set by the design of the anchoring ramps 42.2. 

The fluidic block 45 is equipped in this embodiment with 
guide pins 45.1 which are used to guide and align the 
bayonet ring 42.1. The guide pins 45.1 include projections 
15 which are positioned at the corners of the surface of the 
fluidic block 45. Furthermore, the holding plate 45 is 
equipped with lateral openings 45.2, through which the 
anchor pins 25.1 of the holding plate 25 may project. 
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To assemble the coupling device shown in Figure 7, the 
sealing units 36 are first placed in the recesses 27 of the 
holding plate 25 on the chip body 24 or the sealing units 
36 are inserted into the hollow plunger rows 47 of the 
fluidic block 45 and the fluidic block 45 is then placed on 
the holding plate 25. Commercially available tubes are 
inserted into the addressed openings of the fluidic block. 
It is advantageously not necessary for specially equipped 
tubing having specific diameters or external shapes to be 
used. For example, tubing made of PTFE (external diameter 
1/16") are provided. Finally, the bayonet ring 42.1 is 
placed and locked (by a half rotation, for example) . The 
fluidic block 45 is pressed onto the chip body 24 by the 
locking motion and the desired sealing of the inserted 
tubing is thus achieved. 

The embodiment of the present invention shown in Figures 7 
and 8 has the following further advantages. The bayonet 
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connection 42 may be handled easily. The fluidic block is 
reversibly attached to the chip, so that replacement of the 
tubing and the conical sealing mats in particular is made 
possible. The tubing and the chip do not require any 
special processing (grooves, etc.), in order to be sealed, 
and they may be plugged into the fluidic block while it is 
in place and do not have to be inserted before assembly. 
The breaking danger for the chip when the fluidic block is 
placed may be reduced to a minimum. Finally, the fluidic 
block is aligned by the guides mounted on the chip. Tilting 
of the fluidic block by twisting the bayonet closure is 
prevented by the guide pins . 

The result of the test of the coupling device according to 
the present invention is shown in Figure 9. In the 
experiment, the speed in the channel of the microsystem was 
measured as a function of the pressure in an envelope 
stream container, using which the speed of the envelope 
stream is set. With increasing pressure, only a slight 
oscillation of the flow speed in the channel results. The 
flow in the channel is influenced negligibly by the 
elevation of the flow speed of the envelope stream. This 
confirms the high integrity of the coupling device 
according to the present invention. In contrast to this, in 
the test of a conventional coupling device having screw 
adapters, a strong dependence of the flow speed in the 
channel on the flow rate of the envelope stream is 
observed. 

The features of the present invention disclosed in the 
above description, the drawing, and the claims may be 
significant for the implementation of the present invention 
in its various embodiments both individually and in 
combination. 
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